Mechanochemical synthesis and crystal structure of a 1:2 co-crystal of 1, 3,6,8-tetraazatricyclo-[4.3.1 Solvent-free treatment of 1, 3,6,8-tetraazatricyclo[4.3.1.1 3,8 ]undecano (TATU) with 4-chloro-3,5-dimethylphenol led to the formation of the title co-crystal, C 7 H 14 N 4 Á2C 8 H 9 ClO. The asymmetric unit contains one aminal cage molecule and two phenol molecules linked via two O-HÁ Á ÁN hydrogen bonds. In the aminal cage, the N-CH 2 -CH 2 -N unit is slightly distorted from a syn periplanar geometry. Aromatic -stacking between the benzene rings from two different neighbouring phenol molecules [centroid-centroid distance = 4.0570 (11) Å ] consolidates the crystal packing.
Chemical context
Phenols and cyclic aminals are known to form a variety of supramolecular aggregates via O-HÁ Á ÁN hydrogen bonds, and complexes of phenols with various nitrogen bases are model systems often applied in the study of the nature of the hydrogen bond (Majerz et al. 2007) . Previously, hydrogen bonding between the hydroxyl group of acidic groups such as phenols and heterocyclic nitrogen atoms has proved to be a useful and powerful organizing force for the formation of supramolecules (Jin et al., 2014) . In a continuation of our previously published work in this area (Rivera et al., 2007 (Rivera et al., , 2015 and as a part of our research on compounds in which a cyclic aminal acts as a central host and organizes guest molecules around it via hydrogen bonding, we report herein the synthesis and crystal structure of title compound. This was assembled through hydrogen-bonding interactions between the cyclic aminal 1, 3,6,8-tetraazatricyclo[4.3.1.1 3,8 ]undecane (TATU) and 4-chloro-3,5-dimethylphenol.
In recent years, we have become interested in this cage aminal, which contains two pairs of non-equivalent nitrogen atoms. Another intriguing feature of TATU is that, in contrast with the related aminal 1, 3,6,8-tetraazatricyclo[4.4.1.1 3,8 ]-dodecane (TATD) for example (Riddell & Murray-Rust, 1970) , TATU did not react with phenols when the reaction was attempted under standard conditions in various organic solvents. Instead, the reaction only took place when the mixture was at heated in an oil-bath at 393 K for 15 min under solvent-free conditions, affording symmetrical 1,3-bis(2-hydroxybenzyl)imidazolidines (BISBIAs) in good yields (Herná ndez, 2007) . We also discovered that, under mechanochemical conditions, grinding the reagents in a mortar and pestle, the reaction of TATU with phenols affords phenolaminal aggregates in excellent yields. Furthermore, no side products form in the reaction mixture. Usually, washing the homogeneous mixture with an appropriate solvent and filtration of the solid gives the pure adduct. In this article, we report the crystal structure of the title compound, an adduct obtained on milling a 1:2 stoichiometric mixture of TATU and 4-chloro-3,5-dimethylphenol in an agate mortar. This mechanochemical process provides a convenient and efficient method to produce these adducts, and is also environmentally friendly.
Structural commentary
The title compound crystallizes in space group P2 1 /n with one aminal cage molecule and two 4-chloro-3,5-dimethylphenol molecules in the asymmetric unit ( Fig. 1) linked by two hydrogen bonds (Table 1) . Nitrogen atoms with the higher sp 3 character act as acceptors in this case, with AE (C-N-C) = 328.18 and 327.77 for N3 and N4, respectively, as seen with a previous reported TATU hydroquinone adduct (Rivera et al., 2007) . The geometry of the N-C-C-N group of the adamanzane cage in the title compound is slightly distorted from a syn periplanar geometry, as evidenced by the N1-C1-C2-N2 dihedral angle [2.7 (3) ].
Supramolecular features
In addition to the O-HÁ Á ÁN contacts that form the 1:2 cocrystals, weak offset -stacking interactions link adjacent O1 and O2 phenol rings with a rather long separation between the centroids [Cg8Á Á ÁCg9 i = 4.0570 (11); symmetry code:
2 + z; Cg8 and Cg9 are the centroids of the C11-16 and C21-C26 rings, respectively] and the benzene ring planes are inclined to one another by 0.58 (9) . These additional contacts link the three-membered co-crystal units into chains approximately parallel to (303) 
Database survey
Only three comparable structures were found in the Cambridge Structural Database (Groom et al. 2016) The molecular structure of the title compound, with displacement ellipsoids drawn at the 50% probability level. Hydrogen bonds are shown as dashed lines. Table 1 Hydrogen-bond geometry (Å , ).
Figure 2 Packing diagram for title compound, viewed along the b axis. 
Synthesis and crystallization
A mixture of 1, 3,6,8-tetraazatricyclo[4.3.1.1 3,8 ]undecano (TATU) (154 mg, 1 mmol) and 4-chloro-3,5-dimethylphenol (313 mg, 2 mmol) was ground using a mortar and pestle at room temperature for 15 min. Completion of the reaction was monitored by TLC. The mixture was recrystallized from nhexane solution to obtain colourless crystals suitable for X-ray analysis, m.p. = 375-376 K. (yield: 63%).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were located in a difference electron-density map. C-bound H atoms were fixed geometrically (C-H = 0.95 or 0.99Å ) and refined using a riding-model approximation, with U iso (H) set to 1.2U eq of the parent atom. The hydroxyl H atoms were refined freely. SHELXL2014/7 (Sheldrick, 2015) ; molecular graphics: XP in SHELXTL-Plus (Sheldrick, 2008) ; software used to prepare material for publication: SHELXL2014/7 (Sheldrick, 2015) . 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

